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EXECUTIVE SUMMARY (3-5 PAGES, 600-800 WORDS) 
Project Summary  
Manpower Studies and Analysis Branch (MSAB) developed an agent-based simulation 
with network architecture and vacancy-based promotion system prototype, the 
Manpower Simulation Model (MSM). Written in JavaTM, the prototype model provides 
the Marine Corps with forecasting, scenario analysis, and policy evaluation capabilities 
that are timely, accurate, and integrated under a single framework.  (Garrick, 2014) 
This work evaluated the source code and optimized for efficiency wherever possible, 
provided documentation for the code where necessary, and wrote a user’s manual for 
executing the model. A prototype graphical user interface (GUI) was also developed. 
Preliminary sensitivity analysis was performed on the model using an advanced design 
of experiment (DOE). Important factors affecting measures such as gains, losses, 
retention, and lateral moves were identified.  
Additional validation analysis was performed to evaluate MSM’s predictive power when 
compared with historical data. There it was found that for some years the model 
performed well (within ±20% of actual values), whereas for other years the model’s 
predications were very far off. It was not clear whether this was due to the model, the 
input data, or uncontrollable factors, such as unforeseen operations. Overall, the 
model’s predications for end strength tended to be quite accurate. 
Background 
MSM is designed to provide the Marine Corps with forecasting, scenario analysis, and 
policy evaluation in a timely and accurate manner. Since it has been developed using an 
open-source programming platform, JavaTM, there are few to no impediments to its use, 
such as third-party licensing requirements. Its architecture has also been designed to be 
modular, flexible, and extensible, so that other users will be able to adapt MSM to their 
own particular needs if so desired. 
MSM is a time-stepped agent-based model, with time steps of one year. In consists of a 
data model, which pulls inputs from manpower databases, a system model, which 
captures the rules by which the marine agents move through a network with nodes 
representing the agents’ positions, a process model that implements the logic by which 
the agents move through the network, and an output model that produces results. 
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Findings and Conclusions (to include Process) 
The code for MSM was well written and documented overall. Since it had be en 
developed on an older version of Java (1.6), this work updated it to the current version 
(1.8) as well as updating the dependent libraries to their respective most current 
versions. This required some minor modifications to the code. The new version was 
compared with the original and found to be 100% consistent in its results. Some minor 
changes were made to make the model completely platform-independent, since the 
original had been developed in a Windows-specific manner. 
The original MSM ran from the command line only, which made it awkward at times. A 
notional graphical user interface (GUI) was developed and tested for consistency with 
the command-line tool. 
Sensitivity analysis was conducted on MSM to determine significant factors for various 
output measures using design of experiments (DOE) with a Nearly Orthogonal Latin 
Hypercube design. (Cioppa, 2007). For the most part, the factors identified made sense 
and were consistent with how the actual Marine promotion process functions. Some 
somewhat surprising factors did emerge from the analysis, however. For example, the 
minimum time in grade significantly affected the losses projected by the model.  
(Anderson, 2016) (Garrick, 2014) 
Cross-validation experiments were conducted with MSM by comparing its results to 
specific years for which data were available. For each of 2009-2014, the model was 
initialized using data from four years prior. The model was then run for four years from 
those initial conditions and the results for each subsequent year compared with the 
actual values. Accuracy was computed using the relative error of each forecasted year. 
While the model tended to be accurate across the four-year horizon for end strength in 
all years studied, for the other measures the accuracy degraded with subsequent years. 
For some measures, such as gains and promotions, even the first year predications had 
errors as large as 80% in the first year out. Investigation of the years for which the 
model performed poorly suggested that unforeseen events, such as a troop surge, might 
have had a substantial impact on the accuracy for certain years. 
Recommendations for Further Research 
A number of issues for further work on MSM were identified by this work. 
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• More validation should be performed on MSM in its current and future form to build 
confidence in its forecasting ability 
• Using smaller time steps, such as 1 month instead of 1 year, will potentially improve 
the accuracy of the model. 
• Adding in potential “events” (such as a troop surge) could allow the model to 
examine the impact of such events on the force 
• The experimental design runs for MSM in the analysis were performed using 
additional scripts for executing different design points. Building a capability for 
executing experimental designs within MSM would be a highly desirable feature. 
• The GUI implemented in this work was a very preliminary and proof-of-concept one. 
Developing a full-blown, user-friendly GUI would be a substantial improvement. 
References 
Anderson, E. A. (2016). Evaluation of Marine Corps Manpower Computer Siulation 
Model. Masters Thesis, Naval Postgrauate School, Computer Science, Monterey. 
Cioppa, T., & Lucas, T. (2007). Efficient Nearly Orthogonal and Space-Filling Latin 
Hypercubes. Technometrics , 49, 45-55. 
Garrick, R. (2014). Manpower Simulation Model (Version 1.0.0). 
